This article is about flow over rippled bed considering unsteady, incompressible viscous flow with free surface. The method solves the two dimensional Navier-Stokes equations for conservation of momentum, continuity equation, and full nonlinear kinematic free-surface equation for Newtonian fluids, as the governing equations in a vertical plane. A mapping was developed to trace the deformed free surface by transforming the governing equations from the physical domain to a computational domain. Finally, a numerical scheme is developed using finite element modelling technique to predict the flow over ripples with using Arbitrary Lagrangian Eulerian algorithm. The results are compared with other researches and gave good result.
Introduction
In order to understand the mechanisms of sediment movement, it is important to investigate the characteristics of flow above rippled beds. The oscillatory flow over ripples is complex, since large vortices are formed in the leeside of the ripples and turbulence is produced intermittently. Understanding of the velocity field in the boundary layer is essential because of its relevance to various coastal processes such as sediment transport and mass transport.
There have been many researchers who have studied and written numerous papers about the free surface problems and its shape over ripples. Wellford and Ganaba [1] analyzed free surface problems involving extra large free surface motions using finite element techniques. The k-ε turbulence equations and hydrostatic pressure has been developed by Madsen and Svendsen [2] . Ramaswamy and Kawahara [3] adopted an Arbitrary Lagrangian-Eulerian description to solve free surface flow involving large free surface motion using finite element techniques. To resolve the turbulence, the k-ω model of Wilcox [4] is used. The k-ω model consists of a transport equation for the turbulent kinetic energy k and the dissipation of the turbulent kinetic energy ω. Hayashi et al. [5] applied a finite element analysis on the Lagrangian description, combined with a fractional step method to solve unsteady incompressible viscous fluid flow governed by Navier-Stokes equations. Lemos [6] solved the unsteady flow equations and updated the free surface in time using the volume of fluid method and modelled turbulence using the k-e closure equations. Dolatshahi and Wellford [7] analyzed free surface profile with a two dimensional Arbitrary Lagrangian-Eulerian finite element method. Zhou and Stansby [8] extended an Arbitrary Lagrangian-Eulerian model in the σ coordinate system (ALE σ) for shallow water flows, based on the unsteady Reynolds-averaged Navier-Stokes equations. Fredsøo et al [9] studied the combined wave and current boundary layer flow over a fixed ripple covered bed. They worked on results of experiments and numerical modelling and found good results. The standard k-ε turbulence model was used to calculate the eddy viscosity time. Gaston and Camara [10] presented a two-dimensional Lagrangian-Eulerian finite element approach for non-steady state turbulent fluid flows with free surfaces. Lo and Young [11] described the application of velocity-vorticity formulation of the Navier-Stokes equations for twodimensional free surface flow using an arbitrary Lagrangian-Eulerian method.
For the present study, the flow is assumed to be viscous and incompressible. The equations of conservation of momentum and mass for incompressible Newtonian fluids given by Navier-Stokes, and continuity equation along with full nonlinear kinematic free surface equation, are adopted as the governing equations. A particular mapping technique is used to transform the fluid region and its boundaries into a regular geometry for a convenient treatment of the moving free surface and irregular bottom topography. This leads to transformation of the governing equations and the boundary conditions into more complicated equations. However, the transformed equations can be effectively handled by a proper analytical and numerical procedure. Validity and efficiency of the proposed algorithms are TOPICAL PROBLEMS OF FLUID MECHANICS 119 _______________________________________________________________________ DOI: http://dx.doi.org/10.14311/TPFM.2016.017 examined by comparing the results with the experimental and numerical results. Ripples take various shapes depending on the condition and the property of bed materials. In this present study, computations have been performed with fixed ripples, which might have different friction than live sand ripples. Morphological calculations with live ripples were performed by Andersen [12] , who found that the friction over live ripples, fixed asymmetric ripples and fixed symmetric ripples were similar. The flow assumed viscous and incompressible to cross over ripples. The governing equations are expressed by the unsteady Navier-Stokes equations and the equation of continuity. Let the rectangular coordinates be denoted by x, y and the corresponding velocity components be denoted by u,v. As a result, the equations of conservation of momentum and mass, for incompressible Newtonian fluids, in the arbitrary Lagrangian-Eulerian form are given as follows: Where w u and w v are the mesh velocities in x and y directions. The boundary S consists of two types of boundaries: one is the 1 S on which velocity is given; the other is the free surface boundary 2 S on which the surface force is specified. The boundary conditions can be expressed as the followings, where the superscript caret denotes a function which is given on the boundary and n x and n y are the direction cosines of the outward normal to the boundary with respect to coordinate x and y. Above Equations can be rendered dimensionless by introducing the following variables:
Problem Formulation
Prague, February 10-12, 2016 _______________________________________________________________________ Using these transformations, the Equations are modified as follows: 
Free Surface Formulation
On a fluid surface, governing equation is;
Where h is the position of the free surface. The kinematic condition associated with the fluid free surface can be defined as
Using Arbitrary Lagrangian-Eulerian definition , Equation (7) can be modified as:
By plugging into Equation (7):
Utilizing the dimensionless form of the free surface kinematic equation can be written as, 
Numerical Analysis
The numerical model is based on a finite element method for the spatial discretization of partial differential equations. This method is implemented using weighted residual variational technique for the solution approach within each element.
Basic concept
In the temporal discretization, the total time t is divided into a number of short time increments t ∆ . Each time point is denoted by n . Velocity and pressure at the n th time point can be defined as:
where x and y denote the coordinate at the n th time point in the physical domain. The parameters ξ and η are the fixed coordinate at the n th time point in the reference domain. Velocity and pressure at time point 1 + n can be defined subsequently as: 
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In the Eulerian treatment, the spatial differentiation can be approximated in the form: 
With substituting, the equations of motion, continuity and kinematic boundary condition can be discretized into, (18) where φ is a scalar which is referred to as the correction potential. By taking the partial derivative of both sides with respect to x and y respectively and adding them together, we have 
Transformation into the Mapped coordinate system
The computation of the propagation of free surfaces involves computational boundaries that do not coincide with coordinate lines in physical space. For the finite element method, such problem requires a complicated interpolation function on the local grid lines which results in the local loss of accuracy in the computational solution. Such difficulties require a mapping or transformation from physical space to a generalized space. This transformation simplifies the problem of highly deformed air-fluid interface. This mapping transforms the wave propagation model from the physical domain, [ ] 
Eulerian description
To have an Eulerian description, where the physical coordinate system coincide with the generalized coordinate system, it is necessary to set
Eulerian in x and Lagrangian in y direction description
Eulerian Description in x direction and Lagrangian Description in direction can be applied for non over turning free surface. In this case, it is necessary to set 0 = i α . The transformation is Lagrangian in y direction and Eulerian in x direction and the problems associated with this transformation should have single value profile.
Arbitrary Lagrangian-Eulerian Description
The arbitrary Lagrangian Eulerian description is examined where the spatial coordinates are moving with the velocity and the computation is done in the reference coordinate system ξ andη . This algorithm is employed in free surface modelling over sloping beaches, where the evolution occurs over bathymetry topography, and over constant depth regions. 
Variational Equations in the Transformed Domain
Spatial discretization of partial differential equations in the numerical model is based on a Galerkin finite element method. This method is implemented using the weighted residual variational method for solution within each element. Using standard linear shape functions for a rectangular element in natural coordinate system, the velocity, pressure and correction potential fields within the element are interpolated in terms of their nodal values as follows:
where α ψ is the interpolation function and
, φ represent the nodal values at the node of the th j element. φ is a scalar which is referred to as the correction potential base on the Fractional step method presented by Hayashi and Hatanaka [5] . By dividing the total time t into a number of short time increments ∆t, the equations of motion, continuity and kinematic boundary condition can be discretized into:
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Results
The study is compared to numerical and experimental results. The experimental part comprises measurements in the laboratory with 40 cm flow depth, velocity of current 1 m/s , ripple length (L r ) is 22 cm with height 3.5 cm as shown in Figure 4 . 
Conclusion
Presented numerical approach is very suitable for solving Navier Stokes equation with keep the accurate of calculating. The model is validated by comparing numerical results with other numerical and experimental methods. The reason for selecting arbitrary Lagrangian-Eulerian description for modelling of flow is to develop model able to cope with several of free surface and which could be employed in any geometry, under complicated boundary conditions and with arbitrary bathymetry without any additional computational effort. It is almost a general method able to handle different aspects of coastal hydrodynamic problems. Another advantage of the presented study is that no smoothing is applied. The model's convergence is satisfactory in contrast to most of the other methods. The developed techniques could easily be extended to analyze many other free surface problems such as plunging wave breaker and wave collisions.
